For protein expression, a 10 mL starter culture was grown from a single colony overnight at 37 buffer A (20 mM Tris-HCl pH 8.0, 500 mM NaCl, 10 mM imidazole pH 8.0, and 2 mM BME 96 (β-mercaptoethanol) and subjected to two passes through a French press for lysis. Lysed cells 97 were then clarified by centrifugation at 15,000 x g for one hour. The supernatant was applied to a 98 5 mL Hi-Trap Crude His column (GE Healthcare), washed, and eluted with a gradient of buffer 99 B (20 mM Tris-HCl pH 8.0, 500 mM NaCl, 500 mM imidazole pH 8.0, and 2 mM BME). Ddl 100 was then dialyzed in 2 L buffer A while being subjected to TEV proteolysis (at a ratio of 30:1 to paratone-n for cryo-protection and flash cooled to 100 K by submersion into liquid nitrogen.
116
All data collection was carried out at 100 K at beamline 23ID at the Advanced Photon Source 117 (Argonne National Laboratory, Argonne, IL). Data was indexed, integrated, and scaled in 118 HKL2000 in space group P2 1 to a resolution of 2.1 Å (30). The phase problem was solved by 119 molecular replacement using the program Phaser (28). No homologues of Ddl (including E. coli,
120
Staphylococcus aureus, and Thermus thermophilus) yielded suitable cross-rotation or translation 121 function solutions. Using the program Chainsaw, a homology model was made using the S. increase in affinity); the value for K d2 was found to be 0.53 mM (1.9 fold increase in affinity)
189
(Supplemental Figure 1D) . Thus, the effect of nucleotide binding is comparatively similar in 
273
The MD (residues 141-232) consists of a four-stranded anti-parallel β-sheet region which 
283
The CTD (residues 233-373) is formed by a core of six anti-parallel β−strands and by the 284 ω-loop which extends into the ligand binding pocket and is known to be important in catalysis.
285
In addition, the β−sheet region is capped by 3 α−helices one of which, H10, forms the interface partner to create a hydrophobic environment in which residues Ala147, Leu158, Phe154, and
317
Val143 of both monomers are all involved in hydrophobic interactions ( Figure 4B ). In addition,
318

H3 of one monomer packs against H3 of its dimer partner with a hydrophobic interaction
319
occurring between the side chains of Leu130 of both monomers ( Figure 4C ). Lastly, two 320 electrostatic interactions tie the monomers together as seen in Figure 3D , the Lys157 side chain 
329
This region forms a small helix surrounded by a coil tertiary structure just upstream of helix 2.
330
This coil region is largely hydrophobic creating steric hindrance which prevents helix 2 from other species, is also found on a loop that would require significant remodeling to pack against 377 the D-ala 1 site (Figure 3) . The second C-terminal D-ala site is also defined by highly conserved 378 residues among species and includes residues Tyr277, Ser341, and Met342. The apo structure
379
shows that the end of H10 and the beginning of H11, bearing the ω−loop and conserved Tyr277, formed by residues Asp318, Glu239, Glu237, and Val327 which form a 5 Å diameter opening.
404
The location of this cleft next to the ATP sugar ring makes it the most suitable site for rational enzyme has high affinity for both D-ala and DCS at both sites, with a greater difference at site 2
469
(acceptor) than at site 1 (donor).
470
The crystal structure of Mtb Ddl indicates that, in contrast to other species, the apo 471 protein exists in a closed conformation and contains many cavities adjacent to the active site.
472
Because many unique pockets exist in the Mtb Ddl active site, we propose that this allows for propose that this allows for the design of specific inhibitors, but additional modeling and 508 experimentation are needed to determine the suitability of these sites for targeting. Nonetheless,
509
we predict that specific Ddl inhibitors, especially the allosteric kind, will be bactericidal agents 
